Fragmentation of wildlife populations can have detrimental effects, including genetic differentiation of populations, loss of genetic diversity, and inbreeding depression. We evaluated the genetic structure among isolated colonies of black-tailed prairie dogs (Cynomys ludovicianus) along an urban gradient in southern Denver, Colorado. Urban colonies are important ecologically and for educational purposes, and they serve as source populations for relocation efforts. Levels of genetic differentiation between colonies were high relative to colonies in natural habitat at comparable or greater distances. Prairie dog colonies depend on dispersal among colonies for long-term persistence, and we found evidence for reduced but measurable rates of movement of individual prairie dogs among urban fragments. We observed a trend for smaller and more isolated colonies to exhibit lower genetic diversity, but we did not detect inbreeding in any of the colonies sampled. Isolation-bydistance measures, including measures based on permeability of various features of urban habitat such as roads and development, did not explain genetic differences. Our system represents a possible end point in the genetic consequences of continued loss and isolation of prairie dog colonies as fragmentation increases in both urban and natural landscapes. Urban development could affect dispersal in unexpected and complex ways and requires further study, but prairie dog colonies and their associated wildlife communities in urban areas have the potential for long-term persistence if not extirpated by human activity. DOI: 10.1644/09-MAMM-A-019.1. Habitat fragmentation is one of the prevalent threats to biological diversity (Crooks and Sanjayan 2006; Wilcove et al. 1998; Wilcox and Murphy 1985) . As human settlements continue to spread throughout the world, the remaining habitat for wildlife increasingly diminishes and becomes isolated. Key genetic causes of decline and extinction in fragmented populations include a lack of genetic diversity resulting from genetic drift, and the possibility for population declines from inbreeding depression (e.g., O'Brien et al. 1996; Saccheri et al. 1998; Westemeier et al. 1998 ). In the absence of dispersal, loss of genetic diversity often is the result of geographic isolation over long periods of time (Frankham 2006; Frankham et al. 2002; Gilpin and Soulé 1986) and is exacerbated in populations that remain small (Frankham 2006) . Fragmentation of populations also can lead to genetic differentiation of populations, reduction of effective population size, and lack of adaptability to changing conditions (Frankham et al. 2002; Hanski and Gaggiotti 2004; Pannell and Charlesworth 2000; Whitlock 2004 ). In recent years, tools from landscape genetics have been used to investigate relationships between landscape features and population-level genetic variability Storfer et al. 2007 ). Landscape genetics tools can be used both to describe genetic impacts of habitat fragmentation and to evaluate the impacts of specific landscape features and their ability to enhance or limit dispersal and colonization of nearby habitat patches.
an understanding of the impacts of isolation on species in these systems is essential. In the Colorado Front Range the black-tailed prairie dog (Cynomys ludovicianus) is an ecologically pivotal and politically controversial animal. Many other species rely on prairie dog colonies for food or resources and, as such, prairie dogs function as a highly interactive (Soulé et al. 2003 (Soulé et al. , 2005 or keystone species (Forrest 2005; Kotliar 2000 ; Kotliar et al. 2006; Miller et al. 1994 Miller et al. , 2000 Miller et al. , 2007 . However, many landowners and governments have engaged in campaigns of eradication against prairie dogs, largely citing loss of grazing for cattle (Miller et al. 1994) , although a recent study suggests that loss of productivity of livestock occurs only when prairie dog colonies become very large (Derner et al. 2006) . Over the last century government extermination programs, sylvatic plague (Yersinia pestis), agricultural expansion, shooting, and commercial and residential development have reduced prairie dog populations to ,10% of their historical abundance (Kotliar et al. 1999; Miller et al. 1994; Proctor et al. 2006 ). Many remaining black-tailed prairie dog colonies exist within small, isolated patches in urban and suburban areas (Johnson and Collinge 2004; Smith 2001, 2003; Magle et al. 2007; Magle and Crooks 2008) where details of their ecological role are still emerging (Magle and Crooks 2008; ).
Prairie dogs live in social breeding groups of related individuals called coteries (2-4 adult females that are usually related, 1 or 2 unrelated adult males, and a variable number of yearlings and younger offspring) within colonies. Prairie dogs can live as long as 7 years, but average generation time for prairie dogs is approximately 1.5 years (Hoogland 1995) . Females are usually philopatric, but yearling males disperse to other colonies or coteries, and adults of both sexes occasionally disperse as well (Garrett and Franklin 1988; Hoogland 1995) . Complexes of prairie dog colonies can function as metapopulations (Roach et al. 2001) and, as such, rates of movement between colonies can influence their genetic diversity and long-term persistence (Hanski and Gaggiotti 2004) . Prairie dog metapopulations cannot persist without regular dispersal among colonies , and 15-20% of prairie dogs captured from a study area in the Pawnee National Grassland in northeastern Colorado had genotypes indicating they likely originated from a separate colony (Roach et al. 2001 ). However, rates of dispersal among prairie dog colonies in urban areas are expected to be reduced (Johnson and Collinge 2004; Magle 2007) , creating concern about the genetic diversity and long-term viability of urban populations. Studies of prairie dog colonies in urban areas demonstrated that measures of patch connectivity can predict distributions of urban colonies ).
Genetic differentiation exists both between prairie dog coteries and between colonies (Chesser 1983; Dobson et al. 1998) and typically is measured through use of F-statistics (Hedrick 2004 ). Levels of differentiation often correlate well with geographic distance between colonies or distance along dispersal corridors, such as drainages Roach et al. 2001) . Colonies embedded in a hostile urban matrix (Magle and Crooks 2008) are expected to have higher levels of differentiation , but this impact has not been verified or quantified. In unfragmented habitat, prairie dogs engage in minor inbreeding with distant relatives, but they also show a variety of behaviors that reduce inbreeding, including dispersal of males between coteries before breeding, females avoiding estrus when a related male is present within the coterie, and estrous females avoiding mating with close relatives. These mechanisms appear to be sufficient to avoid detectable levels of inbreeding depression in natural settings (Hoogland 1995) . However, it is unknown whether inbreeding avoidance behaviors are effective in small, isolated urban colonies. Urban prairie dog colonies are characterized by extremely high densities, approximately 32-187 prairie dogs/ha compared to 22-35 prairie dogs/ha in unfragmented habitat (Derner et al. 2006; Johnson and Collinge 2004; Magle et al. 2007; Powell et al. 1994) , modified prairie dog behaviors (Magle et al. 2005) , and limited dispersal among colonies (Johnson and Collinge 2004) . Our system represents 1 possible end point of the genetic consequences of continued isolation and loss of prairie dog colonies as fragmentation increases in both urban and natural landscapes.
We examined the effects of habitat fragmentation on dispersal, genetic diversity, and inbreeding within and among urban prairie dog colonies. We compared these variables to the area, age, and connectivity of urban habitat fragments to evaluate the impact of landscape characteristics on population genetic structure in urban colonies. We expected that the urban colonies would have greater genetic differentiation and lower dispersal among colonies than reported for similar geographic scales in unfragmented habitats. We also hypothesized that smaller, older, and more isolated colonies would have lower levels of genetic diversity resulting from restricted gene flow. Finally, we predicted significant levels of inbreeding in at least the smallest colonies. Given the importance of prairie dogs to grassland ecosystems, determining whether urban colonies can persist and maintain their genetic diversity, and which landscape variables influence this relationship are important 1st steps toward understanding how critical components of prairie ecosystems can be maintained in fragmenting landscapes.
MATERIALS AND METHODS
Study areas.-We used aerial photography maps to identify a section of the south Denver, Colorado, metropolitan area (13 3 29 km, approximately 374 km 2 ) extending from downtown Denver through Highlands Ranch (a southern suburb) and showing a gradient of decreasing urbanization from north to south (Fig. 1) . At the time of the survey the southern boundary represented the outer edge of urban development. We performed a census that identified 387 undeveloped habitat fragments within this study area. A fragment was defined as any plot of undeveloped land with an area 0.25 ha that was not regularly landscaped or manicured by humans and that was embedded in a dissimilar, less-hospitable, human-modified matrix. Highway embankments not accessible to research personnel were excluded. All fragments were verified by field reconnaissance and characterized as colonized (at least 1 live prairie dog) or not colonized by prairie dogs. Forty-five (11.6%) of the fragments contained colonies in summer of 2004. Colonies on separate fragments were always characterized as separate colonies, although some were relatively close together and separated by paved roads. Although some colonies separated only by roads may be functioning as 1 colony, we used this criterion throughout for consistency. Because prairie dogs are diurnal, their burrows are conspicuous, and the terrain was reasonably flat, we are confident that colonization status of all fragments was assessed accurately.
We selected 5 prairie dog colonies, hereafter called J15-10, L15-25, L15-4, L15-9, and M15-14, within this study system for livetrapping and sample collection. Because most of the study area is privately owned, our choices were restricted to the subset of sites where permission to trap prairie dogs could be obtained, and we attempted to sample across a range of colony areas and connectivity values within such sites. Sites were similar in that all were located within 19 km of each (Hoogland 2003) . All traps were monitored at all times by on-site research assistants. Sampling continued until 20% of the estimated population of each colony was sampled, with estimates coming from initial counts of active prairie dogs. Juveniles were released without processing, and adult prairie dogs were anesthetized with isoflurane and had fingerling ear tags (National Band and Tag Company, Newport, Kentucky) attached. A tissue sample consisting of the distal 1 cm of the tail was removed from each adult prairie dog, placed in an isotonic saline buffer, and stored at 280uC. All animalhandling protocols were authorized by the Animal Care and Use Committee at Colorado State University (protocol 04-085A-01) and followed guidelines of the American Society of Mammalogists (Gannon et al. 2007 ).
Landscape metrics.-Fragments were digitized in ArcGIS 9.1 (ESRI, Redlands, California) to determine the area (ha) of each patch. Age of fragments (time since complete isolation by urban development) was determined from review of parcel data from Denver, Adams, Arapahoe, and Douglas county assessors that indicated the year that developments were constructed. We determined the number of years since development for each parcel adjacent to a habitat fragment and used the largest value as a surrogate for age. If bias is present in the age analysis, it is likely toward a conservative overestimate of age, which prevents an underestimate of age that could result if a parcel near a fragment has experienced development on 2 separate occasions.
To relate F-statistics to simple isolation-by-distance measures, we calculated Euclidean edge-to-edge distance between the geographic boundaries of each pair of sampled colonies. In addition, to differentiate the landscape elements that can affect movement of animals (Roach et al. 2001) , we also created a cost-surface raster for the study area (Murphy and LovettDoust 2004; Ricketts 2001 ) that was used to calculate leastcost pathways between each pair of sampled colonies. A cost surface is a raster layer in which each cell is parameterized with a cost value representing how difficult it may be for an organism to move across that cell. Thus, the ''cost'' for an organism to move from 1 patch to another is represented by the pathway of least cost of all possible pathways, represented as the sum of the costs of each cell that must be traversed. The cost surface used to produce these values was generated from expert opinion using an analytic hierarchy process (Saaty 1980 ) that includes water features, stream banks, types of land use, and roads and highways ). High cost values were applied to road crossings, especially highways and high-volume roads, and low cost values were assigned to pathways across habitat and travel along stream banks (Roach et al. 2001) . As overall measures of fragment connectivity, we also calculated the edge-to-edge distance and the cost-surface distance between each fragment and the nearest prairie dog colony (typically unsampled in this study), and the proportion of a 2-km buffer around each site composed of other prairie dog colonies .
Genetic analyses.-We extracted DNA from black-tailed prairie dog tail clips using a DNeasy Blood and Tissue Kit with the spin-column animal tissue protocol (Qiagen, Inc., Valencia, California). We used 10 polymorphic microsatellite loci developed for black-tailed prairie dogs (A2, A101, A111, A104, A119, C116, D1, D2, D12, and D115- Jones et al. 2005) to determine genotypes. Polymerase chain reactions for each locus used a hybridized forward primer with the M13F(-20) sequence (16 base pairs), a fluorescent dye labeled M13F (-20) primer, and an unlabelled reverse primer using the polymerase chain reaction conditions for the hybrid primer (BoutinGanache et al. 2001) . Fragment analyses of polymerase chain reaction products were conducted on an ABI PRISM 3700 DNA Analyzer and manually scored using Peak Scanner Software version 1.0 (Applied Biosystems, Foster City, California).
Each colony was tested for Hardy-Weinberg equilibrium at each locus and for linkage equilibrium between pairs of loci for each colony using GENEPOP (http://genepop.curtin.edu.au/; Raymond and Rousset 1995) . A sequential Bonferroni correction was used to adjust significance levels across multiple tests for a family-wide a 5 0.05 (Rice 1989 ). We measured mean allelic richness (A) per locus for each colony, which was corrected for differences in sample size using FSTAT version 2.9.3 (Goudet 2001) . We also estimated observed heterozygosity (H O ) and expected heterozygosity (H E ) for each colony using genetic data analysis (GDA- Lewis and Zaykin 2001) . We used nonparametric Spearman rank (r s ) correlations to test for relationships between allelic diversity and heterozygosity and colony area, age, and connectivity. We estimated level of inbreeding in each colony (F IS ) with 95% confidence intervals obtained by bootstrapping across loci in GDA.
We used STRUCTURE 2.2 (Pritchard et al. 2000) to evaluate whether it was appropriate to analyze the individuals sampled from each fragment as a single colony or population, without using a priori population assignments. We tested Kvalues to represent the possibility of 2-10 genetic clusters among the sampled colonies to find the number of clusters with the highest likelihood. We ran each K-value 4 times to test for consistency (burn-in of 50,000 iterations and 500,000 Markov chain Monte Carlo repetitions), allowing for population admixture. Because population substructure within colonies could be caused by inadvertent oversampling of a single coterie of closely related females rather than a true barrier to gene flow within the colony, we repeated the analysis with males only for K-values ranging from 2 to 10 to test whether substructure was still detected. This analysis was used because males typically disperse from their natal coteries as yearlings (Garrett and Franklin 1988; Hoogland 1995) .
Based on these analyses we included only sampled males from colony J15-10 (n 5 26) in subsequent analyses, but included all individuals sampled from the other colonies.
We estimated differentiation between pairs of colonies using F ST with 95% confidence intervals obtained by bootstrapping across loci using GDA. We tested the isolation-by-distance model (Slatkin 1993; Wright 1943) using F ST /(1 2 F ST ) and edge-to-edge geographic distance between pairs of colonies with the pairwise Mantel test in FSTAT. We also performed a separate analysis of isolation by cost-based distance using identical methods.
Because many potential source populations could not be sampled (Fig. 1) , we used the Monte Carlo resampling procedure in GENECLASS2 ) to exclude sampled colonies that were unlikely to be the colony of origin for each individual sampled (Piry et al. 2004 ). For each individual we excluded a colony as a potential source if the individual's probability of assignment to that colony was below 0.20 (the probability of each individual being randomly assigned to 1 of the 5 colonies sampled- Roach et al. 2001) . In each colony we counted an individual as having originated in that colony if it was excluded from all but the colony where it was trapped. Individuals excluded from all 5 sampled colonies were treated as migrants from unsampled colonies. We also used a more conservative method to detect migrants by identifying 1st-generation migrants using the L-home likelihood computation, a Bayesian method of classification (Rannala and Mountain 1997) , and GENECLASS2 (with a 5 0.05- Paetkau et al. 2004 ).
RESULTS
Genetic sampling and landscape metrics.-Sample sizes obtained from adult prairie dogs for the 5 populations ranged from 12 to 28 after removing the 15 sampled females from the data set for colony J15-10 (Table 1) . Coterie size is typically about 2 males and 4 or 5 females and associated juveniles, thus we likely sampled more than 1 coterie in each colony. The average fragment area for the 5 colonies was 2.92 ha (range 0.25-15.02 ha), average age of fragment isolation by human development was 36 years (range 24-48 years), and estimates of population size for these colonies averaged 319 prairie dogs 6 396.5 SD (range 76-1,018 prairie dogs- Magle et al. 2007 ; Table 1 ). The average distance between sampled colonies was 8.21 km 6 5.35 SD of edge-to-edge Euclidean distance (range 2.04-18.71 km) and 12,315 cost-distance units 6 7,457.1 SD (range 2,885-26,317 units; Table 2 ). The average distance between a colony and its nearest neighboring colony was 761 m 6 563.5 SD (range 14.6 m-1,187 m) and 163.5 cost units 6 139.1 SD (range 7.9-364.2 units- ; Table 1 ). On average, 1.3% 6 0.024 SD of the landscape within 2 km of a colony consisted of other prairie dog colonies (range 0.2-5.6%; Table 1 ). Genetic analyses.-All samples were genotyped for all 10 microsatellite loci. None of the loci significantly departed from Hardy-Weinberg equilibrium when using the Bonferroni correction for all colonies (including all sampled individuals and including only males in J15-10). Locus A2 and locus D1 exhibited significant linkage disequilibrium when using the Bonferroni correction for population L15-25, but not for the other populations. These loci were not found to be in linkage disequilibrium by Jones et al. (2005) .
The initial STRUCTURE analysis indicated a plateau of likelihood values across values of K 5 6-8 (Pritchard et al. 2000) , demonstrating that each colony contained at least 1 distinct genetic cluster. As recommended by Pritchard et al. (2000) , we selected the K-value at the lower end of the plateau (K 5 6). For K 5 6, individuals from colony J15-10 were assigned to 2 distinct clusters, but the individuals in the 2 clusters were spatially intermixed; no obvious geographic barriers existed that could isolate individuals, and habitat was continuous across the fragment. A reanalysis of the data using only males from colony J15-10 showed that K 5 5 had the largest likelihood value, the majority of individuals sampled within each colony clustered together, and that each colony consisted of a single, genetically distinct population. Thus, the apparent genetic substructure detected within colony J15-10 was likely caused by oversampling of a few coteries within the colony. This prompted us to remove the 15 sampled females in J15-10 from further analyses to avoid this bias. No STRUCTURE analyses indicated substructure in the other sampled colonies.
The majority of individuals sampled in each colony (range 82-100%) were excluded from the other 4 sampled colonies, with low probabilities of assignment (,0.20) , indicating that dispersal among the 5 colonies sampled was rare (Table 3) . However, despite the 5 colonies being isolated from each other, we found evidence that all 5 colonies had migrants from outside colonies. From 6% to 15% of individuals sampled within a colony were excluded from all 5 colonies (probabilities of assignment , 0.20), and we detected between 1 and 3 first-generation migrants in every colony (Table 3) . Because GENECLASS2 does not assume that the population of origin has been sampled, these individuals likely originated from unsampled populations and demonstrate that these urban colonies are not completely isolated from other colonies. F STvalues between pairs of colonies for all loci averaged 0.24 6 0.07 SD (range 0.13-0.36) with only a single 95% confidence interval falling below 0.100 (Table 3 ). Contrary to expectations, we did not find support for the isolation-by-distance model, instead finding negative pairwise correlations between standardized F ST -values and geographic distance between sampled colonies (P 5 0.0382, R 2 5 0.216) and least-cost distance between sampled colonies (P 5 0.0231, R 2 5 0.257). None of the Spearman rank correlations between colony allelic diversity and heterozygosity and area, age, or connectivity of colonies was significant (all r s , 0.80, all P . 0.102, n 5 5). However, our results suggest that the smaller, more isolated colonies may have lower genetic diversity (Tables 1 and 3 ). For example, colony J15-10, which was the largest in area (15.02 ha) and population (1,018 individuals) and was the least isolated (14 m of edge-to-edge distance from the nearest colony, across 1 paved road), generally had higher allelic richness and heterozygosity than the other colonies. This pattern was particularly evident when comparing J15-10 to L15-4 and L15-9, which were the 2 smallest (,0.92 ha) colonies and were considerably more isolated (.335 m from the nearest colony) than J15-10. However, we did not detect significant inbreeding in any of the populations (average F ISvalue 5 0.007 6 0.07 SD; range 5 20.09-0.08; all confidence intervals overlapped 0; Table 3 ).
DISCUSSION
Examination of our data suggests that prairie dog colonies in the Denver metropolitan area are genetically distinct from each other, as demonstrated by the structure analyses and F STvalues. In fact, genetic differentiation between colonies (as represented by F ST -values) was higher than has been previously recorded for prairie dog colonies at similar or greater distances from each other ). Values of F ST are broadly comparable across genetic studies of prairie dogs when measurements are taken across similar timescales ). The genetic differentiation we recorded between colonies in urban Denver was relatively high (F ST X 5 0.235; range 5 0.130-0.360), but edge-to-edge distances between sampled colonies were comparatively small (X 5 8.21 km; range 5 2.04-18.71 km), and distances from each colony to the nearest prairie dog colony were even shorter TABLE 3.-Estimates of genetic diversity for 5 prairie dog colonies in metropolitan Denver, Colorado, including allelic richness corrected for sample size (A), expected heterozygosity (H E ), observed heterozygosity (H O ), estimated inbreeding levels (F IS ), numbers and proportions of individuals excluded from sampled colonies in population assignment tests (probability of assignment , 0.20), and numbers and proportions of 1st-generation migrants. a Based on L-home likelihood computation, Bayesian classification (Rannala and Mountain 1997) , and GENECLASS2 ).
(X 5 761 m; range 5 14-1,187 m). In contrast, of the 5 studies of prairie dog population genetics reviewed by Antolin et al. (2006) , F ST -values ranged from 0.049 to 0.194. These values represent much lower genetic differentiation than we observed, even though distances between sampled colonies in other studies were somewhat larger, ranging from approximately 1 to 50 km. Our results may indicate that gene flow among prairie dog colonies in Denver was restricted by the inhospitable urban matrix, which likely made movement between colonies difficult (Johnson and Collinge 2004; Magle et al. 2007 . That these urban colonies have only been isolated for 2 to 5 decades suggests that urbanization increases genetic differentiation between colonies within roughly 10 generations (maximum longevity of prairie dogs is approximately 7 years-Hoogland 1995). Although our sample sizes were relatively low and small proportions of populations were sampled, our study provides novel information regarding the genetic status of prairie dogs in highly fragmented areas. The exceptionally urban nature of our sites, all of which were entirely isolated by human development, represents 1 end of a continuum of urbanization and fragmentation (McDonnell and Pickett 1990) . Although our results therefore reflect the impacts of extreme isolation due to urban development, habitats throughout the range of prairie dogs are experiencing increasing levels of human modification, including fragmentation not only by urbanization, but also by agriculture, plague, and poisoning (Hoogland 2006) . Thus, our study provides a model system for an initial estimate of the magnitude of genetic differentiation that could be expected as fragmentation continues to isolate prairie dog colonies, and habitat for other species, in both urban and natural landscapes.
Although substantial population differentiation was detected between the colonies we sampled, we found evidence that successful dispersal between urban colonies still occurs. All sampled colonies contained 1st-generation migrants and a substantial proportion of individuals (6-15%) that were not assigned to any of the 5 colonies sampled (,0.20 probability of assignment). We uncovered no evidence of direct exchange of individuals between the 5 colonies we sampled. However, the study area contained 45 colonies during sampling, and most had at least 1 nearby colony that we did not sample (Fig. 1) . Undoubtedly, some of the 40 colonies that were not sampled were sources for migrants, and some migrants may have come from outside the study area. Despite indications of restricted gene flow among colonies, we were unable to relate these differences to geographic distance or to cost-distance surface, the latter of which incorporates information representing the relative permeability of roads, streams, and habitat types. This also may be a result of our limited sample of colonies; isolation-by-distance relationships might be revealed if we surveyed more colonies within the study area and included a larger spatial scale.
In keeping with predictions from conservation genetics (Frankham 2006) , the largest colony in our study, J15-10, exhibited the highest genetic diversity and the 2 smallest, L15-4 and L15-9, had the lowest. Although we hypothesized that the small size and isolated nature of our study sites would create detectable inbreeding within colonies, overall inbreeding (F IS ) was close to 0 with relatively tight confidence intervals. Thus, we do not find strong evidence to suggest that isolation of populations in this system has increased levels of inbreeding. This was true even on the smallest (approximately 0.65-ha) fragments in our study area. Prairie dog behavioral adaptations such as dispersal of males within colonies and behavioral avoidance of mating with close relatives (Hoogland 1995) may be reducing inbreeding in these urban colonies. Although numerous threats to prairie dogs exist in fragmented landscapes, we could not detect evidence that inbreeding depression is reducing the fitness or viability of urban colonies. It is unknown whether inbreeding will occur as human development further reduces the connectivity of colonies and genetic isolation increases.
In grassland settings prairie dogs live in metapopulations (Roach et al. 2001) where dispersal of individuals between colonies is necessary to maintain genetic and demographic stability. The need for dispersal to new colonies is particularly acute when sylvatic plague (Y. pestis) is present and causes local extinctions (Roach et al. 2001) . Apparently, colonies can only persist if dispersal between colonies is maintained ). However, our genetic results suggest limited dispersal of prairie dogs among these urban habitat fragments. Further, colonies are less likely to persist in isolated and old fragments , providing additional evidence of restricted movement and suggesting that local extinctions in addition to those caused by development have occurred previously in this system. Between 2002 and 2007 we documented 19 local extinctions in this study system (14 of which were the direct result of human development), but only 13 colonization events. The limited dispersal and continuing extinction events in this system suggest ongoing faunal collapse. It is possible that demographic instability, random climatic events, extermination by humans, or plague have caused local extinctions in this system, but further investigation would be required to verify any of these hypotheses.
Despite evidence of genetic differentiation and some local extinction, it is important to emphasize that many of these colonies have persisted in highly isolated habitat within a major metropolitan area for 50 years or more ). Because at least limited dispersal continues between the colonies in our study, none of which showed detectable inbreeding, this species might persist in urban habitats with adequate conservation efforts. Although urban habitats are typically inferior to unmodified habitat for overall conservation of biodiversity, they serve several important roles, including improving landscape-level connectivity by providing wildlife corridors or stepping stones between undeveloped areas (Crooks and Sanjayan 2006; Gibb and Hochuli 2002; Turner and Corlett 1996) , housing rare or endangered species (Marzluff 2008; Shafer 2008) , improving property values (Bolitzer and Netusil 2000; Waddell and Moore 2008), and providing opportunities for education about wildlife species (Rohde and Kendall 1994; Sebba 1991) . In addition, urban prairie dog colonies, which have high population densities and usually are not affected by plague ), provide valuable source populations for human translocation to natural habitats (Long et al. 2006) .
Prairie dogs are an essential part of grassland systems (Forrest 2005; Kotliar 2000; Kotliar et al. 2006; Miller et al. 1994 Miller et al. , 2000 Miller et al. , 2007 , and some aspects of their ecological role, including impacts on vegetation dynamics and bird diversity, appear to be at least partially maintained in urban systems (Magle 2007; Magle and Crooks 2008; Salamack 2008) . If dispersal corridors continue to function and habitat is maintained, prairie dog colonies should continue to provide an important component of urban biodiversity.
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